in vitro or ultraviolet irradiation of cells tends to produce the VLR and LR type of mutation. Streptomycin-dependent mutations are rare in the pneumococci and streptococci. One such mutationl, requiring 500 to 1,000 ,g/ml of streptomycin for optimal growth, arose spontaneously in a group A streptococcal strain, and was transferred via a DNA-mediated transformation to a pneumococcal strain. In the latter, the mutation proved to be very closely linked to the genetic locus at which the streptomycin-resistance mutations arise.
Mutants capable of growing in the presence of streptomycin have arisen in many bacterial species, the result of either spontaneous or induced events. In a given species, the mutants are characterized by distinct levels of resistance, and each level of resistance can apparently arise in a single step (Demerec, 1948; Schaeffer, 1956; Bryan, 1961) . Some of the mutants selected in .the presence of streptomycin are found to require this antibiotic for growth (Newcombe and Hawirko, 1949) . Indeed, in Escherichia coli such streptomycin-dependeit mutants constitute about one-half of the mutants arising spontaneously (Newcombe and Nyholm, 1950) .
In several transformable strains of pneumococci and streptococci, an extensive analysis was undertaken of a large number of mutations conferring resistance to streptomycin (Bryan, 1961; Rotheim and Ravin, 1961) . Mutations conferring resistance to less than 500 ,ug/ml of streptomycin were found to be capable of recombining with each other. Recombination was demonstrated when a recipient strain bearing one mutation was treated with the deoxyribonucleic acid (DNA) extracted from a donor strain bearing a different mutation, resulting in the production of a transformed strain containing both mutations. The recombinant strain had a higher level of resistance than did the recipient, and the DNA of the recombinant strain was also shown to contain both mutations as transferable genetic markers Ravin, 1961, 1964) . Mutations conferring resistance to more than 500 ,ug/ml of streptomycin, on the other hand, behaved as multisite mutations. Such mutations replaced and rarely, if ever, recombined with each of a number of mutations which conferred low levels of resistance and which were capable of recombining with each other (Rotheim and Ravin, 1964) .
ItAVIN AND MISHIRA
OInly mutations conferring relatively high resistance (HR) to streptomycin (500 ,ug/ml or higher) have been found to behave as multisite mutations. It is important to know whether such HR mutations are physically as large or extended as they are genetically (i.e., by recombination mal)ping). Some HR mutations do undergo reversions, at the original locus of mutation, toward streptomycin sensitivity (Rotheim and Ravin, 1964, and unpublished data) . This fact in itself would suggest that not all HR mutations are large deletions. Another way of estimating the physical size of the HR mutations, relative to that of mutations conferring lower levels of resistance, is by comparing the relative frequency of their spontaneous or induced production. This paper is primarily concerned with this question.
It will be shown that non-HR mutations are of two tvles: LR (low resistance) mutations which confer resistance to over 50 but less than 500 ,ug/ ml of streptomycin, and VLR (very low resistance) mutations which confer resistance to less than 50 ,ug/ml of streptomyein. Among spontaneously arising mutations, HR mutants are as frequent as LR, and VLR mutants are somewhat more frequent than either of the other two types. Among mutations induced by ultraviolet (UV) or nitrous acid, only the VLR and LR types are significantly increased in frequency.
In pneumococci, the streptomycin-dependent mutant is apparently quite rare; the only previous report of one (Hashimoto, 1955) was of a pneumococcal mutant capable of growing in the absence of streptomycin but growing less well in its absence than in its presence. In the present studies, which included an extensive search in pneumococcal and streptococcal strains for mutants having an absolute growth requirement for streptomycin, these mutants were indeed found to be very rare. One such mutation, having arisen in a streptococcal strain, was transferred, via DNAinduced transformation, to pneumococcus. In the pneumococcus, the mutation conferring dependency upon streptomycin was found to be closely linked to the genetic region where streptomycinresistance mutations occur. This is another example of the close genetic relationship of mutations of heterospecific origin affecting the ability to grow in the presence of streptomycin (Ravin and De Sa, 1964) .
MATERIALS AND METHODS Strains. The principal pneumococcal strain used in these experiments was the capsule-deficient SIII-1 mutant described in previous reports (Ephrussi-Taylor, 1951; Rotheim and Ravin, 1961) . In some experiments we used the R105 strain, kindly furnished by K. Hashimoto of Keio Uniiversity, Tokyo, Japan. The R105 strain has an entirely different history from that of the SIII-1 strain. The latter is a descendant of the R36A mutant which Avery originally obtained from a type II pneumococcus, whereas R105 is a capsule-deficient mutant derived from a type I pneumococcus. The R105 strain is the one in which Hashimoto (1955) discovered the partially streptomycin-dependent mutant previously referred to.
Several streptococcal strains were studied. One of these was the Challis strain (group H) used in earlier investigations (Ravin and De Sa, 1964) , and was originally supplied by R. Pakula of the State Institute of Hygiene, Warsaw, Poland. In addition, five streptococcal strains isolated from human patienits at Strong Memorial Hospital, Rochester, N.Y., were examined. We are grateful to W. Slamp of Northwestern University for identifying them as belonging to serological group A.
Medlia. The media in which these strains were grown and transformed were described in previous reports (Ephrussi-Taylor, 1951; Rotheim and Ravin, 1961; Ravin and De Sa, 1964) . Medium 1 was used for growing very dense cultures, such as those used for extracting DNA or selecting mutants. Medium 2 is medium 1 containing 1.5% agar, and was the base of the plating medium. NS medium was used for the transfer and transformation of pneumococcal strains. Pakula's medium was used for the transfer and transformation of streptococcal strains.
Transformation. The procedures for isolating DNA and using it for genetic transformation have also been previously described (Rotheim and Ravin, 1961; Ravin and De Sa, 1964) . Pneumococcal DNA was extracted by lysing the bacteria with sodium deoxycholate, whereas streptococci were lysed with Maxted enzyme (Colab Laboratories, Inc., Chicago Heights, Ill.). After purification, the stock solution contained about 1 mg of DNA per ml. Saturating DNA concentrations of 1:200 of the original stock concentration were usually employed in the experiments to be described.
Thawed samples of frozen competent cells were used as recipients for the transforming DNA. The reaction was allowed to proceed for 15 to 20 min at 30 C, and then was terminated by the addition of Mg++-activated deoxyribonuclease. The cells were then incubated at 37 C for a period of time (usually 2 hr) sufficient to permit expression of the transformed phenotype, after which appropriate dilutions were plated in selective and nonselective media.
In many of the experiments a marker conferring erythromycin resistance (ery-r2) was included in the transforming DNA as a check on the efficiency of transformation or of inactivation by the mutagen being tested.
Selection of mutants and induction of mutations. Streptomycin-resistant mutants or transformants were selected by plating a suitable sample of the culture on agar media containing an appropriate VOL. 90, 1965 FREQUENCIES OF STREPTOMYCIN-RESISTANT MUTANT TYPES concentration of the antibiotic. A similar procedure was followed for the selection of erythromycin-resistant mutants or transformants. The colonies arising in such media were phenotypically analyzed by transferring them to sectors on the surface of media containing a concentration of antibiotic similar to that of the media from which they were isolated. After incubation, the growth in these sectors was tested by the procedure of "velvet-replication" (Lederberg and Lederberg, 1952) . The velvets were pressed onto the surfaces of a series of agar plates of increasing antibiotic concentration. The last plate in the series always contained the same concentration of antibiotic as that in the original master plate, as a control for the efficiency of serial replication. In all cases, the control plate was positive, showing that an adequate number of bacteria was maintained on the velvet in the course of replication.
UV irradiation was carried out by centrifuging a turbid, fresh culture and washing and resuspending the bacteria in standard saline-citrate (SSC) buffer (0.15 M NaCl plus 0.015 M sodium citrate, adjusted to pH 7.0). The suspension was poured into a petri dish to form a shallow layer, and was exposed to a UV germicidal lamp known to yield, at the distance of the dish from the lamp, 16.1 ergs per mm2 per see at 2,600 A. Prior to irradiation and at various time intervals of exposure to UV, 0.1 ml of the suspension was removed and plated at various dilutions in selective and nonselective media. The number of colonies arising in the latter medium permitted a measure of cell viability as a function of UV dose. In some experiments, DNA from an str-s ery-r2 (streptomycin-sensitive, erythromycin-resistant) strain was subjected to UV irradiation in an attempt to induce str-r mutations at the same time the ery-r2 marker in the DNA was inactivated. In this case, 3.0 ml of a 1:10 dilution of the DNA in SSC were irradiated in an open 50-mm petri dish with intermittent shaking. At various intervals of irradiation, 0.2-ml samples were removed and added to the usual transformation system. Ethyl methane sulfonate (EMS) and nitrous acid were used as potential mutagens by exposing wild-type DNA (extracted from sensitive cells) or erythromycin-resistant DNA (extracted from str-s ery-r2 cells) to their action. In the EMS treatment, 0.025 ml of EMS and 0.025 ml of 1 N NaOH were added to 1.5 ml of the stock DNA solution. Prior to the addition and at various time intervals thereafter, 0.2 nil of the reaction mixture was removed and diluted with 0.8 ml of SSC containing 0.04 M Na2S203 to stop the reaction. After incubation for 30 min at 37 C (to remove residual EMS), the treated DNA samples were refrigerated until they were tested (within 24 hr) for residual transforming activity and induced, transferable streptomycin-resistance mutations. The transformation tests were conducted in the usual manner.
In the HNO2 treatment, 0.1 ml of a freshly prepared solution of 4 M NaNO2 and 0.5 ml of 0.5 M acetate buffer (0.41 M glacial acetic acid plus0.09 M sodium acetate, pH 4.0) were added to 0.2 ml of the stock DNA solution. Prior to the addition anid at various time intervals thereafter, 0.1 ml of the reaction mixture was removed and diluted with 5 ml of NS medium (pH 7.2). The diluted sample was then refrigerated until used a few hours later in a transformation test.
In addition to a control test with untreated DNA, a control without DNA was also employed to measure the spontaneous frequency of mutanits in the recipient culture.
RESULTS
Resistance of the uwild-type pneumococcus. The SIll-1 strain of pneumococcus may be regarded as "wild type" with respect to streptomycin resistance. When an SIII-1 culture was grown in NS medium and appropriate dilutions were plated on media containing various concentrations of streptomycin, the ability of the wild-type strain to form colonies was determined as a function of antibiotic dose (Fig. 1 ). It is clear that less than 100% of the SIII-1 bacteria could form colonies at concentrations of streptomycin greater than 2.5 ,g/ml. Moreover, the fraction capable of forming colonies decreased rapidly as the antibiotic challenge was increased, so that at a streptomycin concentration of 25 ,ug/ml, less than 10-4 of the population produced colonies. Another way of testing the level of streptomycin resistance of the wild-type strain was by isolating colonies of SIll-i cells growing in plain (antibiotic-free) agar, transferring them to sectors on the surface of plain agar, and replicating the growths in these sectors to a series of agar plates of increasing streptomycin concentration. The result was considered negative if no more than a few scattered colonies developed. The level of resistance of a strain determined in this way is generally higher than that determined by the plating of individual cells (Bryan, 1961; Rotheim and Ravin, 1961) , since in the latter case one is determining the streptomycin concentration above which the plating efficiency ceases to be 100%; in the former case, one is determining the streptomycin concentration above which even the feeble growth of a large population fails to be supported. Sectors of SIII-1 growth failed to produce positive replicas when velvet-replicated to an agar medium containing a streptomycin concentration of 10 ,ug/ml or higher.
Presence of VLR mutants in wild-type cultures. cell; when they were isolated from the streptomycin-containing media in which they were observed, they were found to resist a higher concentration of streptomycin than the wild-type cell. This fact accounts for the small but reproducible shoulder, at about 10 to 20,ug of streptomycin per ml, in the curve relating colony-forming ability to streptomycin concentration.
The cultures derived from colonies isolated from agar media containing 10 to 20 ,ug of streptomycin per ml have the following properties.
First, they proved to have a greater ability to form colonies in the presence of streptomycin than did wild-type cultures (see VLR curve in Fig. 1 ). Second, all of the 144 colonies that were isolated in this manner (from three independent experiments) produced positive replicas when velvet-replicated to an agar medium containing a streptomycin concentration of 10 to 25 Ag per ml, but failed to produce positive replicas on media containing a streptomycin concentration of 50 Ag/ ml or higher.
When an SIll-1 colony was isolated from plain agar, grown in NS medium, and then plated in various concentrations of streptomycin, the "resistance shoulder" starting at about 10 ,ug/ml was not apparent (see "purified SIII-i" curve in Fig. 1) . Thus, an SIll-1 culture can be freed of its VLR mutants by the simple procedure of plating individual cells (or colony-forming units) in plain agar. The vast majority of the clones thus produced are "purified" with respect to r&-sistance level.
The VLR mutants are stable in their property of streptomycin resistance, even after transfer to media lacking streptomycin. In one experiment, 6/8 0. 1 x 10-3 * Competent str-s cells of SIII-1 pneumococcal strain were exposed to DNA for 20 min, and were challenged by plating in agar containing 10 ,ug/ml of streptomycin after 2 hr of growth. samples drawn from separate cultures is considerably greater than the mean number. Since most of the mutants proved to be of the VLR type, it is clear that these mutants arise in a random fashion. Estimates of mutation rate based on the number of cultures found to contain each kind of streptomycin-resistance mutation indicated that the VLR mutation rate (1.05 X 10r7 mutations per bacterium per generation) was about seven times higher than the LR and HR mutation rates combined (1.54 X 10-8 mutations per bacterium per generation). The frequency of spontaneous VLR mutations, although greater than that of LR and HR mutations, is still about 1,000-fold less than the frequency of VLR mutants in wild-type cultures under certain conditions. Selection of spontaneous LR and HR mutants. By selecting at streptomycin concentrations of 50 ,Ag/ml or higher, the VLR class is ignored and the relative frequency of LR and HR mutations may be more conveniently studied. A summary of several such experiments is given in Table 3 . In these experiments two different strains of pneumococcus and five different strains of streptococcus were examined. When the mutations arise spontaneously, the HR mutation is not rare. In pneumococcus it is about as frequent as the LR mutation. In the group A streptococcal strains examined, most of the spontaneous mutants selected at the streptomycin concentration of 50 ,ug/ml were of the HR type.
Two of the experiments with the SIII-1 strain of pneumococcus, listed in Table 3 , are further detailed in Table 4 . In experiment 1, a LuriaDelbriuck analysis, performed on the populations grown in 20 culture flasks, showed that the mutations occurring in the different flasks were of independent and random origin. A sample of the mutants from each flask were tested by replica plating, and were scored as to whether they were HR or LR mutants. The samples from 13 of the 20 flasks contained one or more HR mutants, and the samples from 12 of these flasks contained one or more LR mutants. This is consistent with the finding that the two types of mutants are about equally frequent among the total number of mutants tested from all of the flasks.
In experiment 2, 10 flasks were used, and the mutants isolated from each flask were classified according to their ability to resist four arbitrarily chosen concentrations of streptomycin. A chisquare test shows that the differences, from flask to flask, in the distribution of mutants among the four classes are highly significant. These findings attest to the randomness of origin of the various phenotypic types of streptomycin-resistant mutants. Among the total of 88 mutants tested from all 10 flasks, 46 were classified as LR and 42 as HR. Table 3. t Flask with largest number of mutants per milliliter. tx2 =59;df =27;P = <0.01.
Induction of str-r mutants with nitrous acid. Figure 2A shows the inactivation of the ery-r2 marker, in a DNA extracted from cells having an str-s ery-r2 genotype, as a function of time of exposure to HNO2. In Fig. 2B is shown the activity of the same treated DNA in producing transformants capable of resisting at least 25 ,g/ ml of streptomycin (the concentration used for selecting str-r transformants). HNO2 obviously induced str-r mutations in DNA in vitro, as previously reported by Litman and Ephrussi-Tavlor (1959) . The number of str-r transformants was at a maximum when DNA treated for only a brief time was used, although a second, smaller "peak" was often observed with DNA exposed for a somewhat longer time.
In experiment 1, a sample of the HNO2-induced str-r colonies was isolated and phenotypically analyzed by the velvet-replication method. The phenotypes of these clones were compared with the phenotypes of wild-type colonies (those arising in plain agar) and with the phenotypes of VLR mutants arising spontaneously ( Induction of str-r mutants with UV and other agents. Several attempts were made to induce str-r mutants of pneumococcus with UV. In most of these attempts, in which the UV-induced killing ranged from 90 to 99%, there was little increase over the number of mutants arising spontaneously (Table 3 ). This was true whether the selective concentration of streptomycin was 10 or 50 ,Ag/ ml. In the one experiment in which there was a significant (10-fold) increase caused by UV, the mutants were selected at a streptomycin concentration of 50 ,ug/ml. In this experiment, there was a slight increase in the proportion of the LR relative to HR mutations as a consequence of UV irradiation.
Unlike the situation in p)neumococcus, UV-induced str-r mutants of the group A strains of streptococcus can be obtained quite readily by selecting at a streptomycin concentration of 50 ,g/ml (Table 3) . At UV doses that kill 99% of the colony-forming units, a 2,000-to 10,000-fold increase in the number of mutants can be achieved. On isolating and testing the colonies that grow in the presence of 50 pig of streptomycin/ml, most (171 of 175) were found to be LR mutants. The few (4 of 175) colonies classifiable as HR barely met the criterion established to distinguish HR from LR mutants, since they resisted at most 500 ,ug/ml of streptomycin. Among spontaneous mutants selected at 50 ,ug/ml of streptomycin, such a high proportion of LR mutants is not observed. This finding indicates that UV is not as effective in producing HR mutants as events leading to spontaneous mutations.
In our hands, EMS has not proved to be effective in producing VLR, LR, or HR mutations. DNA containing the str-s and ery-r2 markers was treated with EMS for various lengths of time, and then was used to transform str-s ery-s (wildtype, sensitive) recipients. Exposures that destroyed 60, 98, and 99.5% of the ery-r2 activity in the DNA failed to yield a detectable increase in the number of str-r mutants over the number arising spontaneously (in the absence of treated Streptomycin-dependent (str-d) mutations. In many experiments in which cells of the SIII-1 strain of pneumococcus were plated in various concentrations of streptomycin, ranging from 101 to 104 ,ug/ml, a sample of the colonies was isolated to agar containing the same concentration of streptomycin as that in which they were originally selected. These isolates were then tested for streptomycin dependence. None of about 100 such colonies was dependent on streptomycin for growth.
A more extensive search for dependent strains was undertaken, with a selective concentration of 500 to 1,000 ,ug/ml of streptomycin. No dependent mutants were found in either the SIII-1 or R105 strain of pneumococcus or in the Challis strain of streptococcus. In the STII-l pneumococcal strain, 1,364 colonies capable of growth in 500 ,ig/ml of streptomycin were tested. If mutants requiring this concentration of streptomycin arise in pneumococcus, they must be extremely rare (<10-1).
In one of the group A strains of streptococcus used by us, one dependent strain was discovered among eight colonies isolated from agar containing 500 ,ug/ml of streptomycin. The requirement for streptomycin by this strain is shown in Fig. 3 , in which the number of colony-forming units capable of growth is plotted as a function of streptomycin concentration. The optimal streptomycin concentration for colony formation is 500 to 1,000 ,ug/ml. DNA was extracted from this mutant in the usual way, and was used to transform competent wild-type pneumococci of the SIII-1 strain. Although the interspecific transformation was not efficient (about 10-8), a pneumococcal RAVIN AND MISHRAJ transformant was isolated and used to initiate a stock culture of the str-dl mutant in the SIII-i strain. The phenotype of this mutation in pneumococcus is essentially the same as that in streptococcus (Fig. 3) . DNA from the str-dl pneumococcus was used to transform competent, wild-type SIII-1 cells. The transformants were selected in agar containing 500 ,ug/ml of streptomycin; all of the transformants (144 of 144 tested) proved to be str-dl in phenotype. The frequency of transformants reached a maximum 2 hr after exposure of the cells to the DNA; this is essentially the same time required for phenotypic expression of many of our streptomycin-resistance mutations (Green, 1959; Rotheim and Ravin, 1961) . The frequency of transformation (10-3) was considerably more efficient intraspecifically.
The str-dl strain was also made competent to undergo transformations, and was used in the normal manner as a recipient for a variety of DNA preparations from sensitive and resistant strains of pneumococcus. Results of these experiments will be reported in full elsewhere. It will suffice here to provide evidence of the genetic linkage of the str-dl mutation, of streptococcal origin, to the str-r locus in pneumococcus. The str-r5l mutation is the largest of the multisite mutations (Rotheim and Ravin, 1964) , and confers resistance to over 104,ug of streptomycin per ml. When the str-dl strain was treated with DNA from a strain bearing the ery-r2 marker and either the str-s or str-r5l marker, transformants could be selected in media containing either 500 ,g/ml of streptomycin plus 0.25 Ag/ml of erythromycin (the latter being the concentration used to select for the ery-r2 marker), or no antibiotic. The transformants could be selected after the DNAtreated str-dl cells had been allowed to grow either in the presence or absence of streptomycin. Streptomycin-sensitive (str-s) transformants appeared in maximal frequency immediately after reaction with DNA str-s ery-r2 was halted (Table  6 ). (In these experiments, the reaction was allowed to proceed for 20 min). This result suggests that streptomycin sensitivity is dominant over dependence; in any case, it is expressed rapidly. A high proportion of the streptomycin-sensitive transformants proved to contain the ery-r2 donor marker; this proportion depended on the conditions under which the transformants were selected, and varied from 5 to 20%. When str-dl recipients were treated with DN,A str-r5l ery-r2 and selection was carried out under conditions most advantageous for the recovery of str-s transformants, most of the transformants capable of forming colonies in the absence of streptomycin proved to be str-r51 transformants.
It should be noted that DNA extracted from three of the phenotypically str-r5l transformants proved, when tested on str-s recipients, to contain only the str-r51 and not the str-dl marker. In the experiment summarized in Table 7 , no str-s transformants were found. These findings indicate that the str-dl marker lies very close to, and may be overlapped by, the multisite str-r5l mutation. 1170) A high proportion of the str-r51 transformants proved to contain the ery-r2 marker. Although varying with the conditions of selection, the proportion attained a value as high as 25%. This high proportion of double transformations (i.e., involving both the str and ery markers) was unexpected, since such a high frequency of double (str, ery) transformations is not observed when str-s recipients are employed (Ravin, 1965) . The "tightness of linkage" of the str and ery loci will be described in another report. DISCUSSION An important finding of these investigations is the relatively frequent occurrence of the HR type of str-r mutation in pneumococci and streptococci. The HR type, it will be recalled, behaves characteristically as a multisite mutation. Of every 10 spontaneous mutations that arise to confer resistance to streptomycin, approximately 8 are of the VLR type, 1 is of the LR type, and 1 is of the HR type. However, the actual frequency of HR mutations (about 10-8 to 2 X 10-8) is not lower than that of mutations affecting other characters in pneumococcus, such as reversions of ami-r mutants (Sicard, 1964) and production of ery-r mutations (Ravin and Iyer, 1961) .
It should be pointed out that the distinction in VLR, LR, and HR mutations is not altogether arbitrary, since the VLR type is the most frequent spontaneously and the HR type "maps" differently than the LR type. It is, of course, also evident that each type is in fact a class of mutations varying in the specific phenotypic properties they confer.
The results also show that spontaneous mutational processes and mutational processes induced by mutagens are not equivalent in their production of str-r mutations. Over 95% of the HNO2-induced mutations in pneumococcus are of the VLR type. No HR mutations were detected among HNO2-induced mutations; if any are produced by HNO2, they must constitute considerably less than 1 %O of the mutation yield. In streptococcus, at least, UV treatment of the bacteria is efficient in producing str-r mutations. Of these, however, most are of the LR type, although the HR type is the most frequent type among spontaneous mutants of the streptococcal strains we studied. The fact that spontaneous mutational processes and mutagen-induced processes produce the different kinds of str-r mutations with different efficiencies suggests that these kinds of str-r mutations belong to distinct categories of chemical structure. Although it is not ruled out that the HR mutations are often extensive deletions within the nucleotide sequence constituting the str-r locus of the DNA genome, the frequent spontaneous occurrence of the HR type of mutation is difficult to reconcile with this notion. HR mutations, which map as multisite mutations, are as frequent as LR mutations, which are usually recombinable (Rotheim and Ravin, 1964) . It does not seem likely that events leading to interstitial losses of DNA would be of common spontaneous occurrence. That spontaneous mutations are often of a different nature than those induced by mutagens is also shown in the work with the rII mutations of bacteriophage T4; although most of these mutations are revertible by base analogues or nitrous acid, only around 10% of the revertible rII mutations of spontaneous origin can be induced to revert with these agents (Freese, 1961) .
What actually characterizes the chemical structure of the VLR, LR, and HR mutations is still unknown, however. It would be of great interest to have some knowledge of their structure for several reasons. First of all, it is important to determine whether there is any relation between the "genetic size" of a mutation and its physical size. The HR mutations are genetically large because of their recombinational behavior; they behave as alleles of a number of recombinable mutations. The little evidence at hand indicates that the HR mutations are not especially sensitive targets to heat or UV inactivation; to this extent, at least, they are not especially large in a physical sense. This evidence comprises multisite str-rl marker inactivation by UV (Green, 1959) , multi-
